The essential oils from seeds of nine Abies koreana specimens have been studied using GC-MS-FID and NMR methods, leading to the determination of 96 volatiles, which constituted over 99% of the oils. The hydrodistilled oils of fresh, resinous scent were isolated with yields in the range of 3.8-8.5%. The results showed that the essential oil of Korean fir seeds contained 70-95% monoterpenes and 1-20% oxygenated monoterpenes as the dominant groups. The numerous sesquiterpenes, diterpenes and their oxygenated derivatives constituted only 2-8% of the oil. The major component of the seed essential oil was limonene (41-72 g/100g); the laevorotary form of this terpene predominated. A. koreana seeds seem to be a rich source of both essential oil and (-)-limonene, whose average enantiomeric excess was above 95%.
The genus Abies (Pinaceae) comprises about 50 species of evergreen conifers, ranged in Europe, North and Central America, Asia, and North Africa, occurring in mountains over most of the range. A. koreana is a fir native to the higher mountains of South Korea. This species was discovered in 1907 on the volcanic island of Cheju (South Korea) and one year later was introduced into France. From a Korean natural forest this fir was introduced into Polish Arboreta in 1929 [1] . Nowadays, A. koreana is cultivated as an ornamental plant in many places, in temperate climates. Korean fir is grown both for its foliage and for its abundant blue cones. The winged ripe seeds are released when the cones disintegrate at maturity about 5-6 months after pollination, in Poland usually in September [1, 2] . A. koreana, like other species of Abies, has been used in folk medicine to treat colds, stomachache, indigestion, and vascular and pulmonary diseases [3] . Abies needle oils are used industrially by soap and perfume manufacturers to add pleasant odors to their products [4] . A. koreana needle essential oil has been previously investigated [5] . The volatile composition of intact cones and twigs has also been published [5c-d]. However, to our knowledge, no studies on the volatiles from the seeds of Korean fir have been reported. Therefore, the present investigations were carried out to isolate and identify the compounds of seed essential oils. This paper is the second in a series in which we analysed the fir seed volatiles [6] .
The hydrodistilled oil of Korean fir seeds has a characteristic pleasant, balsamic, resinous scent with a fresh lemon note. The yield of essential oils was in the range of 3.2-8.5%. Hydrodistillation of the seeds of individual woods was performed in triplicate; the results (calculated as an average yield with standard deviation value) are presented in Table 1 . It is noticeable that the yield of essential oils from the seeds of trees no. 2-9 are at a similar level, while the yield from tree no. 1 was 37% higher than the lowest yield (tree no. 4). The yield differences may be caused by different degrees of seed ripeness or different sun exposure of individual trees. However, the eight Korean firs tested were of the same age (woods no. [1] [2] [3] [4] [5] [6] [7] [8] and grown in the same area. The average essential oil yield was 4.9%, which was much higher than those of the needles (0.9-1.0%) and cones (0.42%) reported in the literature [5] [6] [7] [8] . It is noticeable that the yields from seeds of A. koreana, growing in Poland are not much lower than those of hydrodistilled oils from the seeds of other fir species: Abies maroccana (5.3%, north Morocco), [7] A. nordmanniana (6.0%, Georgia) [8] , and A. alba (7.4%, south Poland) [6] . In total, 96 compounds were identified, of which, to the best of our knowledge, 51 are new records for Korean fir. The identified compounds presented in Table 1 constituted 99.1-99.9% of the 9 examined oils; the volatiles new for A. koreana seeds are marked with asterisks.
The hydrodistilled oils contained 15 monoterpene hydrocarbons, which constituted 70.4-94.9% of the seed oils. The main compound was limonene, which formed 39.8% to 69.6% of the total. This was also one of the main components of A. koreana cone oils, but occurred at a lower concentration (25.6%) than in the examined seeds [5c]. The other major monoterpenes in the tested essential oils were: α-pinene (7.3-38.6%), camphene (0.7-12.6%), β-pinene (1.8-7.6%) and β-myrcene (1.3-1.9%). They were also predominant in the oils of Korean fir cones, needles and twigs [5] . In order to provide the real concentration of the main oil constituents, we carried out a methodology based on the true quantitation. This experiment (listed in Table 1) showed that the amount of limonene (41.0-71.7 g/100 g essential oil) corresponded to almost 40%-70%. The concentrations (g/100 g) of other monoterpenes were for α-and β-pinene 7.4-39.4 g/100 g and 1.8-7.8 g/100 g, respectively. The monoterpene hydrocarbons identified in the nine individual trees of A. koreana were qualitatively the same, but differed in the percentages of their major components.
The second identified group was oxygenated monoterpenes. These 17 compounds constituted 1-20% of the oils. Predominant was bornyl acetate, the structure of which, as well as that of geranyl acetate, were confirmed by NMR spectroscopy; the amount of bornyl acetate varied strongly between the specimens from 0.4% to 18.5%. The quantitative determination of this ester was carried out through the calibration curve, and the concentration ( 
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(0.51) (tr-0.9%), β-terpineol (tr-0.6%), cis-verbenol (0.1-0.3%) and transpinocarveol (0.1-0.2%) are also dominant volatiles among the seed monoterpenoids, but they occur at levels lower than 1% in the oils of individual woods. Surprisingly, borneol was identified previously as the main volatile in the needle oil (27.9%) of fir grown in Korea, but at Mt Dukyu, Muju [5a] .
The enantiometric distribution of four major monoterpene hydrocarbons of the seed essential oils: limonene, α-and β-pinene and camphene (Table 2 ) was determined on a Chirasil-Dex CB fused silica chiral column. It was found that the laevorotary isomer was dominant for all examined monoterpenes. What is most interesting is that the almost enantiomerically pure (-)-limonene was found in A. koreana seed oil. The enantiomeric excess of (-)-limonene was above 97%. Such a high concentration of the laevorotary form of this terpene is also characteristic of A. koreana needles [7] and other fir seeds, e.g: A. alba seeds [6] and A. maroccana seeds [7] . The relatively high enantiomeric excess of the (-) form was also noticed for α-pinene (an average 84%). The ratio of the laevorotary to dextrorotary form of β-pinene and camphene was 76%: 24% and 90%: 10%, respectively. The excess of laevorotary enantiomers of the above monoterpenes was also observed previously in Korean fir needles [5d]. Although sesquiterpene hydrocarbons and their oxygenated derivatives are the most numerous group in the seed oils, consisting of 31 and 24 compounds, respectively, they constituted only 1.3-2.6% and 1.2-5.9% of the seed oils, respectively. Intermedeol (0.8-5.2%) and β-caryophyllene (0.1-0.9%) were the major sesquiterpenes; the great majority of the others were found only in traces. However, structures of seven terpenes, isolated by flashchromatography, were additionally confirmed by NMR spectroscopy (Table 1) . What is interesting is that intermedeol, identified as the main sesquiterpenoid in the seeds, prevailed also in needles and twigs of Korean fir [5c]. The identified compounds, with many different sesquiterpene skeletons, generally had muurolane, cadinane, eudesmane, elemane, cubebane, bisabolane, caryophyllane, and germacrane skeletons; the most numerous had muurolane (9 compounds) and cadinane (7 volatiles) skeletons. However, farnesenes, curcumenes, acoradienes and spirovetivenes were identified as isomer pairs in many of the examined essential oils, but at concentrations lower than 0.05%.
Diterpene hydrocarbons and their oxygenated derivatives (9 compounds) were identified in quantities varying from tr-0.5%, with abietal, trans-totarol, abieta-7,13-diene and isopimara-8,15-diene being the main diterpenes in some of the examined tree oil specimens. Eight of them were identified for the first time in A. koreana.
In summary, the qualitative composition of all oils was exactly the same, but quantitative differences between them were observed; for many volatiles these differences were very significant, irrespective of the population examined. For example, tree no. 1-8 grown in the neighborhood and introduced to the Arboretum from a Korean natural forest from the same seed packet. It is worth noting that when the amount of monoterpene hydrocarbons in the seed oils decreased the concentration of their oxygenated derivatives at the same time increased (Figure 2) . This relationship was observed between the main compounds, like limonene and bornyl acetate, as well as α-pinene, camphene and borneol, while the amount of sesquiterpene hydrocarbons and their oxygenated derivatives did not change as strongly (2-8%) as the monoterpene group did. Concerning the previous publication in which the composition of essential oils from needles of 20 A. koreana specimens (the same population as ours) were examined, the qualitative composition was very similar, while especially the content of the main volatiles like camphene (2.4-24.5%), limonene (1.9-37.3%), bornyl acetate (10.7-42.8%) and intermedeol (0.1-25.6%) differed significantly [5d]. As a result of chemical polymorphism of an aroma plant, huge differences can be observed in the composition of essential oils, even among one population. These differences may arise from the fact that biosynthesis of terpenoids is controlled by genetic factors. This process could also be a result of ontogenetic variability and could be influenced by many environmental factors. These correlations have been previously very well documented [9] . Moreover, like other conifer tissues, seed tissues appear to rely on the reserves of essential oils to protect against the attack by insects and fungal pathogens. The differences in the quantitative composition of volatiles of the examined individual woods may be caused by insect attack or different environmental conditions [10] . In summary, the seeds of A. koreana constitute a rich source of essential oil (up to 8.5%) that may be potentially interesting for the perfume industry. The essential oil contains the laevorotary enantiomer of limonene in almost pure form and can be used to isolate this monoterpene hydrocarbon.
